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Objectives. The purpose of this study was to show that the
chronotropic potential of the well trained heart transplant recip-
ient (HTR) does not limit exercise capacity.
Background. Chronotropic incompetence is considered to be
the main limiting factor of the functional capacity of heart
transplant recipients. However, no systematic study had been
published on patients who had spontaneously undergone heavy
endurance training for several years.
Methods. Heart rate (HR) and respiratory gas exchanges (VO2,
VCO2, VE) were measured in 14 trained HTRs (T-HTRs) during
exercise tests on a bicycle, on a treadmill and by Holter electro-
cardiography during a race.
Results. Peak values observed in T-HTRs during the treadmill
test were higher than those reached during the bicycle test
(VO2peak: 39.8 6 6.9 vs. 32.5 6 7.8 mlzkg
21zmin21, p < 0.001;
HRpeak: 169 6 14 vs. 159 6 16 bpm, p < 0.01). During treadmill
exercise VO2peak and HRpeak values observed were very close to the
mean predicted VO2pmax and HRpmax. The maximum heart rate
during the race (HRrace) was greater than HRpeak values during
the treadmill test (179 6 14 vs 169 6 14 bpm, p < 0.01) and
slightly above the mean predicted values (HRrace/HRpmax 3 100 5
101 6 10%). The treadmill exercise test yields more reliable data
than does the bicycle test.
Conclusions. Extensive endurance training enables heart trans-
plant recipients to reach physical fitness levels similar to those of
normal sedentary subjects; heart rate does not limit their exercise
capacity.
(J Am Coll Cardiol 1999;33:192–7)
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Many previous studies of orthotopic heart transplant recipients
(HTRs) document that peak oxygen uptake (VO2peak) is much
lower than that of normal adults matched for age, sex and size
(1–5). Consequently, the exercise capacity of these patients is
often limited. HTRs can, however, increase their physical
fitness by exercise training (6). Endurance training can result in
a 10–30% increase in VO2peak (2,7–10). A clinical study of 36
highly motivated patients reported a 52% increase in VO2peak
after a training period of 16 6 7 months (2). All previous
research indicates though that VO2peak values of trained HTRs
remain below that of healthy subjects (11) and of elderly
endurance-trained people (12). Chronotropic incompetence is
generally considered to be the main limiting factor of the
functional capacity of HTRs (4,11,13,14). Nonetheless, as
shown by Kavanagh et al. (2) the peak heart rate (HRpeak)
attained relatively high levels in trained HTRs. An observation
of one patient even showed the HRpeak recorded in the
laboratory during a bicycle exercise test to be lower than the
heart rate registered in the same subject during a marathon
race (15).
Our study concerns 14 HTR runners who participated in
the 600-km Paris-La Plagne race between 1993 and 1996 and
14 control subjects.
The objectives of this study were: 1) to document that the
HRpeak of trained HTR runners during laboratory exercise
tests can reach a level close to the theoretical maximal heart
rate (HR) as defined by Astrand in 1964 (16) and is therefore
not a limiting factor of the functional capacity of this popula-
tion, 2) to compare the chronotropic competence measured
during laboratory tests to that observed during a race, and 3) to
compare the physical capacity of trained HTRs during exercise
testing on a treadmill and on a bicycle ergometer.
Methods
The study was performed during the 1993, ’94, ’95, and 1996
sessions of the annual four-day 600-km Paris-La Plagne relay
race. Participants include teams of healthy subjects, patients
with chronic diseases and each year one HTR team. Each team
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comprises eight runners; in the case of HTRs, the runners
themselves decide how long and how far they run.
Patients (Table 1)
Physical capacities were evaluated by exercise-tolerance
tests before the race. The 28 patients (all male) included in the
study were: 1) 14 sedentary orthotopic heart transplant recip-
ients (S-HTRs) aged 43 6 9 years, all of whom were patients
in our medical department, and 2) 14 endurance-trained
orthotopic heart transplant recipients (T-HTRs) aged 43 6 12
years, who were recruited from several French departments of
cardiovascular surgery. These subjects had trained regularly
over a long period of time (36 6 24 months). They spent 4 6
2 hours per week in endurance-type physical activities (primar-
ily running). Each session consisted of 30 minutes of training
with an energy output of 4 to 8 metabolic equivalent of the task
(METs).
Seven of the endurance-trained HTRs (T1-HTRs) had taken
part in the Paris-La Plagne race in 1993, 1994, or 1995. Several
days before coming to our laboratory for a treadmill test, they had
completed a bicycle test, during which VO2peak and HRpeak were
measured, in their home cardiology department.
The other seven trained heart transplant recipients (T2-
HTRs) participated in the 1996 race and were investigated
exclusively in our laboratory where they performed a bicycle
exercise test 24 hours before the treadmill test.
All twenty-eight HTRs were on immunosuppressive therapy
(cyclosporine, azathioprine, prednisone). None required beta-
adrenergic blocking agents. Seven were treated by antihyperten-
sive medication (nicardipine: a calcium channel blocker) and
three others were on low-dose diuretic therapy (furosemide).
Coronary angiography and radionuclear angiograms had
previously been performed during an exercise test in each
participant’s cardiovascular surgery department; no abnormal-
ities were found.
There were no significant differences in age, size and weight
between the S-HTR and T-HTR groups. Average post-
transplant delays were similar for the two groups, but great
variations existed among individuals (one to seven years). The
pathologies that led to heart transplants were comparable in
the two groups, as was the immunosuppressive therapy.
The mean physical activity time of the T-HTRs was 4 6 1 h
per week, and the average work power was 4 6 1.5 METs.
Protocol
Heart rate was recorded at the end of a 10 min supine
resting period and for the first 30 s after an active change to the
standing position.
Exercise testing. Bicycle test: All the HTRs performed a
“symptom-limited” incremental test on a cycloergometer
(Monark-818 E). In our laboratory, where S-HTR and T2-
HTR groups were tested, the warm-up work load was 30 Watts
and the power increase was 30W/3min. ECG was recorded on
line (with a Marquette Max 1, twelve derivation system) and
heart rate (bpm) was measured using a cardiac monitor (BHL
6000). Respiratory gases were analyzed with a breath-by-
breath system (CPX/D Medgraphics). The following gas ex-
change variables were assessed every 15 seconds: oxygen
uptake (VO2: mlzmin
21), carbon dioxide output (VCO2:
mlzmin21), minute respiratory volume (VE: mlzmin21), respi-
ratory exchange ratio (R: VCO2/VO2).
Treadmill test: The 14 T-HTR runners performed a tread-
mill test (Gymrol ST 2800) 24 h before the start of the race.
The initial warm-up speed was 6 kmzh21 and the increase in
velocity was 1 kmzh21 every 3 minutes; the slope of the
treadmill was 2%. The parameters analyzed were the same as
those collected during the bicycle test.
Competition monitoring. During the race, electrocardio-
grams of the T-HTRs were recorded with a 1993 ELA Medical
System, Elatec V303P29 (Holter electrocardiography). Further-
more CM5-type electrocardiographic derivation was simulta-
neously visualized in real time using a telemetric system (life-
scope 6 Nikon Kohden). The records were interpreted after the
race. Only records of a minimum duration of two minutes were
used in order to average R-R periods in 10 s sequences.
Measurements. In all patients (S-HTRs and T-HTRs)
peak values of VO2, VCO2, QR, HR, and oxygen pulse
(O2pulse 5 VO2/HR: mlO2/bpm) corresponded to the values
Abbreviations and Acronyms
HR 5 Heart rate
HRpeak 5 Peak heart rate
HRpmax 5 Maximum predicted heart rate
HRrace 5 Maximum heart rate during the race
HTR 5 Heart transplant recipient
Pmax 5 Maximum work power
MET 5 Metabolic equivalent of the task
S-HTR 5 Sedentary heart transplant recipient
T-HTR 5 Trained heart transplant recipient
VO2peak 5 Peak oxygen uptake
VO2pmax 5 Maximum predicted oxygen uptake
Table 1. Patient Characteristics
S-HTRs T-HTRs
Number of subjects 14 14
Delay (months) 38.4 6 29.5 (6–109) 45.9 6 23.5 (21–75)
Age (years) 43.1 6 9.2 (26–54) 43.3 6 11.6 (19–59)
Weight (kg) 69 6 8 (56–84) 69 6 11 (50–88)
Height (cm) 171 6 4 (163–178) 174 6 5 (163–181)
BMI 24 6 3 (19–31) 23 6 3 (18–28)
HR sup (bpm) 87 6 17 (60–110) 89 6 12 (66–105)
HR ortho (bpm) 90 6 16 (66–113) 93 6 11 (77–108)
HR pmax (bpm) 177 6 9 (166–194) 177 6 12 (161–201)
Ergocycle VO2 pmax (ml/kg/min) 37 6 5 (31–49) 38 6 6 (29–49)
Treadmill VO2 pmax (ml/kg/min) * 42 6 6 (32–54)
Delay (months) 5 months after transplantation; BMI 5 body mass index;
HR sup (bpm) 5 heart rate in supine position; HR ortho (bpm) 5 heart rate in
standing position; HR pmax (bpm) 5 maximum predicted heart rate; VO2 pmax
(ml/kg/min) 5 maximum predicted oxygen uptake.
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observed at the end of exercise. Predicted maximal oxygen
uptake (VO2pMax:mlzkg
21zmin21) was calculated according to
Wasserman’s equations (17). HRpeak was expressed in absolute
value or as a percentage of the predicted maximum heart rate
calculated according to the Astrand formula (HRpMax 5 220 2
age [years] 6 10) (16). Peak HR during the race was defined as
the maximum HR recorded for any given subject during at
least two consecutive minutes of any relay.
Other data were collected from the seven patients of the
T2-HTR subgroup. Blood samples were taken from the hu-
meral vein. Determination of plasma lactate levels was per-
formed at rest, at the peak of the exercise tests (bicycle and
treadmill) and after 5, 10, 15, 20, and 30 minutes of recovery.
An enzymatic procedure was used for the lactate spectro-
colorimetric assay. Plasma catecholamines were measured
using a Bio-Rad at rest, at peak work load and after 30 minutes
of recovery, by a three-step procedure: catecholamines were
adsorbed onto alumina at a pH of 8.6, then diluted with a 0.1
phosphoric acid and finally analyzed by HPLC. An internal
standard was included with each extraction to monitor normal
rest values for epinephrine and norepinephrine (respectively
0.06–4.4 nmolzl21 and 0.5–6.12 nmolzl21).
The self-administered Baecke’s questionnaire—from which
sport and leisure time indexes are calculated—was used to
evaluate patients’ usual physical activity (18,19). Fat content as
a percentage of body weight was estimated by the four skinfold
procedure of Durnin and Womersley (20).
Statistics. Results are expressed as mean 6 SD. For the
comparison between S-HTRs and T-HTRs and the compari-
son between T1-HTRs and T2-HTRs, continuous variables
were analyzed using Students t test and homogeneity of
variance was verified by the Bartlett test. The values observed
in T-HTRs on bicycle, treadmill and during the race were
compared using the t paired Students t test. Pearson’s coeffi-
cient was used to test correlations. Values of p , 0.05 were
considered to indicate significant differences.
Results
Characteristics at rest. Resting heart rates were high in
both groups (Table 1). The active change from the supine to
the upright position did not raise the heart rate significantly;
mean increase in HR was 3.4 6 6 bpm in S-HTRs and 3.6 6 6
bpm in T-HTRs. However, the heart rate of four subjects
increased markedly.
The Body Mass Index (21) [BMI 5 weight (in kg)/height2
(in m)] were similar for the two groups of HTRs (Table 1).
T2-HTRs (Table 2) were given Baecke’s questionnaire (19)
evaluating time devoted to sport and leisure activities. They
spent considerably more time on sports than did 118 “average”
French males (18) aged 30–58 years (3.4 6 0.5 and 2.8 6 0.8).
Their mean index for leisure time was similar to that found for
the 118 French men (2.8 6 0.8 vs. 2.8 6 0.4) (18).
Exercise testing. Bicycle tests (Tables 3 and 4). S-HTR
group: The average maximum work power (Pmax) and the
mean VO2peak were respectively 110 6 27 watts and 22.3 6 4.3
mlzkg21zmin21. Mean VO2peak/VO2pMax and HRpeak/HRpMax
ratios were 60 6 16% and 76 6 12%; VO2peak values were less
than VO2pMax values for all patients. Mean mechanical effi-
ciency, calculated from body weight and from the energetic
equivalent of oxygen (20.9 Joules/oxygen liter), was 20.4 6
1.6%. Mean Oxygen pulse was 11.5 6 3 mlO2zbeat
21 (Table 3).
T-HTR group: Mean Pmax and VO2peak were respectively
169 6 25 watts and 32.5 6 7.8 mlzkg21zmin21. Mean ratios of
VO2peak/VO2pMax and HRpeak/HRpMax were, respectively,
85 6 11% and 90 6 8%. In only one patient was the VO2peak
value equal to the VO2pMax value. The mechanical efficiency
was 21 6 1.7%. The Oxygen pulse peak was 13.8 6 1.9
mlO2zbeat
21 (Table 3).
Each of the above values was significantly different from the
corresponding value for the S-HTR group. The mean values
for Pmax, VO2peak and HRpeak were not significantly different
in the T2-HTR subgroup from those of the T1-HTR subgroup.
Mean plasma lactate concentration was 5.75 6 2 mmolz121
at the end of the exercise test; recovery half-time was approx-
imately 20 min. Mean peak plasmatic concentrations of epi-
nephrine and of norepinephrine were respectively 1.6 6 1.1
nmolzl21 and 23.6 6 7.4 nmolzl21 (Table 4).
Table 2. Characteristics of T2-HTRs (session: 1996; n 5 7)
Fat
%
Baecke indices La (rest)
mmol/l
Ep (rest)
nmol/l
NE (rest)
nmol/lSport Leisure
Average 14,7 3,4 2,8 1 0,3 3,1
SD 5,6 0,5 0,8 0,3 0,12 2,2
Range 8–24 2.8–4 1.7–3.7 0.81–1.66 0.1–0.5 1.7–8
T2-HTR 5 trained heart transplant recipients investigated in 1996; Fat 5 %
of body fat; NE rest 5 plasmatic concentration of norepinephrine at rest; Ep
rest 5 plasmatic concentration of epinephrine at rest; La rest 5 plasmatic
concentration of lactate at rest.
Table 3. Peak Values Collected in Sedentary Heart Transplant Recipients (S-HTRs) and in Trained
Heart Transplant Recipients (T-HTRs) During Bicycle Tests
P
watts
HR peak
bpm
VO2 peak
ml/kg/min
Ox pulse
mlO2/beat
S-HTRs 110 6 27 (70–150) 135 6 20 (95–162) 22.3 6 4.3 (15–30) 11.5 6 3 (7.2–18.3)
T-HTRs 169 6 25 (120–210) ** 159 6 16 (126–180) ** 32.5 6 7.8 (23.3–50) ** 13.8 6 1.9 (11.1–17.1)*
P 5 work power (watts); HR peak 5 heart rate peak (bpm); VO2 peak 5 oxygen uptake peak (ml/kg/min); Ox
pulse 5 oxygen pulse peak (mlO2/beat); Comparison between S-HTRs and T-HTRs 5 *p , 0.01, **p , 0.001.
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Treadmill test. T-HTR group (Table 5): Mean VO2peak
and mean maximum running speed were respectively 39.8 6
6.9 mlzkg21zmin21 and 2.8 6 0.54 ms21. Mean ratio of
VO2peak/VO2pMax and HRpeak/HRpMax were respectively 95 6
10% and 95 6 9%; VO2peak values were equivalent or superior
to VO2pMax values in seven patients; mean Oxygen pulse peak
was 16.1 6 2.7 mlO2zbeat
21 this value is significantly different
from the average Oxygen pulse peak 13.8 6 1.9 mlO2zbeat
21 of
the same group during the bicycle test.
In the T2-HTR sub-group VO2peak, maximum running
speed, HRpeak and Oxygen pulse mean values were not
significantly different from those observed in the T1-HTR
subgroup. The mean plasma lactate peak value was 6.75 6 1.8
mmolzl21 and the recovery half-time was approximately 20
minutes (Table 4). Mean epinephrine and norepinephrine
peak values were respectively 3.2 6 1.35 nmolzl21 and 34.3 6
15.6 nmolzl21. These values were significantly higher than
those observed during the bicycle test.
Paris-La Plagne relay race. Individual relay times and
speeds of the T-HTR runners varied greatly from 10 to 30
minutes and from 8 to 14 km/h. Lengths of the relays depended
on previous physical fitness training and were correlated to the
VO2peak values (r 5 0.91; p , 0.01). The mean maximal value
of HR registered during the race (HRrace) was significantly
higher than the mean HRpeak of the same patients during
laboratory exercise tests (the HRrace values were superior to
HRpeak values in ten patients); the ratio of mean HRpeak/
HRpMax was 101 6 10%.
No electrocardiographic abnormalities (supraventricular or
ventricular rhythm disorders) were observed. There were no
disturbances of cardiac conduction that might have suggested
myocardial ischemia.
Discussion
This study indicates that the maximum heart rates recorded
for endurance-trained HTRs during foot races are not signif-
icantly different from predicted maximum heart rates esti-
mated according to the Astrand formula (16). Moreover the
study demonstrates that the exercise tests performed on the
treadmill yield more relevant information about the functional
capacity of patients than do bicycle tests. The results confirm
that physical work capacity is much higher in trained than in
sedentary HTRs.
Bicycle exercise testing: sedentary and trained HTRs (Ta-
ble 3). As we pointed out, the T1-HTR subgroup did not
perform the bicycle tests in our laboratory and their test
protocols were slightly different from ours (incremental work
load 10 W/1 min vs. 30 W/3 min in our department).
Due to the inertia of the heart response to exercise in
HTRs, such short work periods might result in an underesti-
mation of VO2peak and HRpeak values (22,23). In fact, the
VO2peak and HRpeak values documented in the T1-HTR
subgroup were not significantly different from those collected
in the T2-HTR subgroup in our laboratory; they were higher
than the values we observed in the S-HTR group and similar to
those reported by other researchers. Therefore we considered
all the trained HTRs as a single group for the bicycle exercise
test. The VO2peak levels on the bicycle (mean VO2peak 5
32.5 6 7.8 mlzmin21zkg2l) were higher than those reported by
most other authors (2,7–10) but similar to those documented
in eight very compliant patients after eight to twelve months
endurance-type training (2,24). Nevertheless the VO2peak val-
ues remained lower than the maximum predicted VO2 level for
sedentary men. The results collected in the S-HTR group were
Table 4. Plasma Lactate, Epinephrine and Norepinephrine Peak Values During Bicycle and
Treadmill Testing
Bicycle Treadmill
La (peak)
mmol/l
Ep (peak)
nmol/l
NE (peak)
nmol/l
La (peak)
mmol/l
Ep (peak)
nmol/l
NE (peak)
nmol/l
Average 5,75 1,6 23,6 6,75 3.2 ** 34.3 *
SD 2 1,1 7,4 1,85 1,35 15,6
Range 2.4–8.6 0.8–3.7 12.4–29.6 3.8–9.7 2.3–6 17.4–61.2
La (peak) 5 mean plasma lactate peak value; Ep (peak) 5 mean plasma epinephrine peak value; NE (peak) 5 mean
plasma norepinephrine peak value; Comparison between bicycle and treadmill 5 *p , 0.05, **p , 0.01, ***p , 0.001.
Table 5. Peak Values collected in Trained Heart Transplant Recipients (T-HTRs)
HR peak bpm VO2 peak ml/kg/min Oxpulse mlO2/beat
Bicycle 159 6 16 (126–180) 32.5 6 7.8 (23.3–50) 13.8 6 1.9 (11.1–17.1)
Treadmill 169 6 14 (135–188) * 39.8 6 6.9 (31–57) ** 16.1 6 2.7 (12.1–20.7) *
Race 179 6 14 (146–201) ‡
HR peak 5 heart rate peak (bpm); VO2 peak 5 oxygen uptake peak (ml/kg/min); Oxpulse 5 oxygen pulse peak
(mlO2/beat); Comparison between bicycle and treadmill 5 *p , 0.01, **p , 0.001; Comparison between race and
treadmill 5 †p , 0.05.
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similar to those related in other scientific papers (1–6): HRpeak
and VO2peak values were low and corresponded to 85% and
69%, respectively, of those observed in the T-HTR group.
Comparison between bicycle and treadmill exercise tests.
(Table 5) Data published since 1964 (16,25,26) show that the
VO2max values of normal subjects running on a treadmill are
about 10% higher than those resulting from exercise tests on a
bicycle (25–27). The same findings were reported concerning
patients with heart failure. In our study, the difference in mean
VO2peak values observed between the two kinds of exercise was
even greater (ergocycle:32.5 6 7.8 mlO2zkg
21zmin21; tread-
mill: 39.8 6 6.9 mlO2zkg
21zmin21; mean difference; 24,71%).
Nonetheless, the difference in VO2max between bicycle and
treadmill tests was observed for equal heart rates (25–27). In
our study mean HRpeak registered on the treadmill (169 6 14
bpm) was significantly higher than that documented on the
bicycle (159 6 16 bpm).
Similarly, the mean peak Oxygen pulse value measured
during treadmill tests was significantly higher than that ob-
served during bicycle tests (16.1 6 2.7 mlO2zbeat
21 vs. 13.8 6
1.9 mlO2zbeat
21); the mean difference was 17%.
Consequently, the increases in the HRpeak and in the
Oxygen pulse are responsible for, respectively, approximately
1/3 and 2/3 of the greater VO2peak values found on the
treadmill compared to those observed on the bicycle.
However, several patients displayed markedly different
VO2peak values (VO2peak on treadmill . VO2peak on bicycle)
although the HRpeak was similar during both tests. Much
higher Oxygen pulse peak values were collected on the tread-
mill. There is a significant positive correlation between peak
Oxygen pulse and VO2peak expressed in percentage (r 5 0.81;
p , 0.01).
Ours results show that the endurance-trained HTRs were
able to reach a far higher physical work power level on the
treadmill than on the bicycle. The VO2peak values collected
during running tests were greater or equal in seven patients to
the predicted maximum VO2 for healthy sedentary men. The
poor adaptation of T-HTRs to bicycle testing may be explained
by the fact that most of them were not accustomed to this type
of exercise. Mean norepinephrine and epinephrine peak values
observed in the T2-HTR subgroup were significantly higher on
the treadmill than on the bicycle. The positive correlation
between the norepinephrine peak values and the HRpeak
values (r 5 0.78; P , 0.05) and VO2peak values (r 5 0.91; P ,
0.01) suggests that the reactivity of the sympathetic nervous
system influences exercise capacity during both treadmill and
bicycle tests. The specific mechanical characteristics of the two
types of exercise might explain why venous return from con-
tracting muscles to the heart is lower in cycling than in running;
it follows that a cyclist’s maximal stroke volume would be lower
than that of a runner. This hypothesis, if valid, is even more
applicable to HTRs because of the importance of the Frank–
Starling mechanism in these patients’ adaptation to exercise.
Analysis of heart rate recorded during the race (Table 5).
The length and speed of the relays varied greatly between
individuals. However, for all but one of the patients, the
maximum heart rate values recorded during the race were
equivalent or higher than the HRpeak collected during exer-
cise—both treadmill and bicycle. Georges Niset previously
made the same observation concerning a marathon runner
(15). The mean HRrace value collected for the T-HTR group
was significantly greater than the mean HRpeak value regis-
tered the day before the competition during treadmill testing
(169 6 14 bpm. vs. 179 6 14 bpm). One subject’s heart rate
rose little during the treadmill exercise test (HRpeak 5 135 bpm)
but increased considerably during the race (HRrace 5 184 bpm).
Throughout the race the motivation and the strain were
probably more intense than in the laboratory, and the HR peak
was generally higher than that recorded during treadmill
exercise.
It should be noted that the mean HR value recorded in the
T-HTR group during the competition corresponded to 101%
of the maximum predicted heart rate. Therefore HRpeak
cannot be considered a limiting factor to the functional
capacity of HTRs as has often been suggested (4,13,14). To our
knowledge, the present study is the first to demonstrate clearly
that endurance-trained HTRs can regain normal chronotropic
competence. We found no reinnervation of the transplanted
heart as was suggested in previous publications (28–30).
Indeed, there was not any significant increase in heart rate
after an active change from the reclining to the upright
position (Table 1) in the T-HTR group. The same change of
position by normal subjects results in an average heart rate
increase greater than 10 bpm (31,32).
Conclusion
We found strong evidence suggesting that treadmill tests
yield more reliable information on cardiorespiratory adapta-
tion to exercise of endurance-trained HTRs than do bicycle
tests.
In our study the maximum values of HR recorded during
exercise for T-HTRs in the laboratory, as during the race, were
very close to the predicted maximum HR for each patient.
Chronotropic potential was normal in T-HTRs and did not
limit their functional capacity. Furthermore, VO2peak values
collected during treadmill tests were close to the predicted
maximum VO2 values for sedentary men. In contrast, chrono-
tropic incompetence was substantial in S-HTRs and partly
explains the very low VO2peak usually observed in these
patients.
Physical work can be sustained easily for a long time only
when the energy expenditure does not exceed approximately
35 percent of VO2max (33,34); therefore sedentary heart
transplant recipients are unable to carry out tasks with an
energy cost much greater than 9 mlO2zkg
21zmin21 (2,5 METs),
a level frequently reached in everyday life. In contrast the
functional capacity of endurance-trained heart transplant re-
cipients is far superior (14 mlO2zkg
21zmin21 corresponding to
4 METs). As a result, their reintegration to the labor and
leisure society is improved and their quality of life is vastly
enhanced.
196 RICHARD ET AL. JACC Vol. 33, No. 1
CHRONOTROPIC COMPETENCE OF HEART RECIPIENTS January 1999;192–7
We thank Professor C. Cabrol and Professor I. Gandjbakhch for their collabo-
ration. We also thank “Transforme Association” for their assistance. We would
especially like to thank Yvonne Laugier-Werth for her help with the English
version of this text.
References
1. Cerretelli P, Grassi B, Colombini A, Caru B, Marconi C. Gas exchange and
metabolic transients in heart transplant recipients. Resp Physiol 1988;74:
355–71.
2. Kavanagh T, Yacoub MH, Mertens DJ, Kennedy J, Campbell RB, Sawyer P.
Cardiorespiratory responses to exercise training after orthotopic cardiac
transplantation. Circulation 1988;77:162–71.
3. Brubaker PH, Berry MJ, Brozena SC, et al. Relationship of lactate and
ventilatory thresholds in cardiac transplant patients. Med Sci Sports Exerc
1993;25:191–6.
4. Kao AC, Van Trigt P, Shaeffer-McCall GS, et al. Central and peripheral
limitations to upright exercise in untrained cardiac transplant recipients.
Circulation 1994;89:2605–15.
5. Degre SG, Niset G, Coustry-Degre´ C. Rehabilitation after cardiac transplan-
tation: 10-year follow-up. Physical aspects. In: Broustet JP, editor. Proceed-
ings of the 5th World Congress on Cardiac Rehabilitation. A: Intercept,
1993;285–91.
6. Squires RW, Arthur PR, Gau GT, Muri A, Lambert WB. Exercise after
cardiac transplantation: a report of two cases. J Cardiac Rehabil 1983;3:
570–4.
7. Degre S, Niset G, Desmet JM, et al. Effets de l’entraıˆnement physique sur le
coeur humain de´nerve´ apre`s transplantation cardiaque orthotopique. Ann
Cardiol Ange´lol 1986;35:147–9.
8. Niset G, Coustry-Degre´ C, Degre´ S. Psychosocial and physical rehabilitation
after heart transplantation: one-year follow-up. Cardiology 1988;75:311–7.
9. Keteyian S, Shepard R, Ehrman J, et al. Cardiovascular response of heart
transplant patients to exercise training. J Appl Physiol 1991;70:2627–31.
10. Lampert E, Mettauer B, Schnedecker B, et al. Aptitude physique et
entraıˆnement en endurance du transplante´ cardiaque: proposition d’un
programme court de re´entraıˆnement. Science et Sports 1994;9:87–92.
11. Mandak JS, Aaronson KD, Mancini DM. Serial assessment of exercise
capacity after heart transplantation. J Heart Lung Transplant 1995;14:468–
78.
12. Saltin B, Hartley LH, Kilbom A, Astrand I. Physical training in sedentary
middle-aged and older men. Oxygen uptake, heart rate and blood lactate
concentration at submaximal and maximal exercise. Scand J Clin Lab Invest
1969;24:323–34.
13. O’Neill BJ, Pflugfelder PW, Menkis AH, McKenzie FN, Kostuk WJ.
Development of physiologic exercise heart rate responses after cardiac
transplantation. JACC 1989;13:184A.
14. Rudas L, Pflugfelder PW, Kostuk WJ. Comparison of hemodynamic re-
sponses during dynamic exercise in the upright and supine postures after
orthotopic cardiac transplantation. JACC 1990;16:1367–73.
15. Niset G, Poortmans JR, Leclercq R, et al. Metabolic implications during a
20-km run after heart transplantation. Circulation 1985;77:162–71.
16. Astrand PO, Christensen EH. Aerobic work capacity. In: Dickens F, Neil E,
Wilddas WF, editors. Oxygen in the Animal Organism. New York: Perga-
mon Press, 1964;295.
17. Wasserman K, Hansen, Sue DY, Whipp BJ, Casaburi R. Normal Values. In:
Principles of Exercise Testing and Interpretation. Lea and Febiger, ed.
Philadelphia: Waverly, 1994;112–31.
18. Bigard AX, Duforez F, Portero P, Gezennec CY. De´termination de l’activite´
physique par le questionnaire de Beacke: validation du questionnaire de
Baecke. Science et Sports 1992;7:215–21.
19. Baecke JAH, Burema J, Frijters JER. A short questionnaire for the
measurement of habitual physical activity in epidemiological studies. Am J
Clin Nutr 1982;36:936–42.
20. Durnin JVG, Womersley J. Body fat assessed from total body density and its
estimation from skinfold thickness measurements on 481 men and women
aged 16 to 72 years. Brit J Nut 1974;32:77–97.
21. Shetty PS, James WPT. Body Mass Index: A Measure of Chronic Energy
Deficiency in Adults. Rome: F.A.O., 1994:1–57.
22. Meyer M, Marconi C, Grassi B, Rieu M, Cerretelli P, Cabrol C. Adjustment
of cardiac output to step exercise in heart transplant recipients. Applied
Cardiopulmonary Pathophysiology 1992;4:213–23.
23. Rieu M, Verdier JC, Duvallet A, et al. Blood catecholamines, lacticaemia
and heart rate during exercise in heart transplant recipients. Sports Medicine
and Health 1990;903–7.
24. Kavanagh T, Yacoub M, Campbell RB, Mertens DJ. Marathon running after
cardiac transplantation: a case history. J Cardiopulmonary Rehabil 1986;6:
16–20.
25. Hermansen L, Saltin B. Oxygen uptake during maximal treadmill and bicycle
exercise. J Appl Physiol 1969;26:31–7.
26. Hermansen L, Ekblom B, Saltin B. Cardiac output during submaximal and
maximal treadmill and bicycle exercise. J Appl Physiol 1970;29:82–6.
27. Faulkner JA, Roberts DE, Elk RL, Conway J. Cardiovascular responses to
submaximum and maximum effort cycling and running. J Appl Physiol
1971;30:457–61.
28. Kaye DM, Esler M, Kingwell B, McPherson G, Esmore D, Jennings G.
Functional and neurochemical evidence for partial cardiac sympathetic
reinnervation after cardiac transplantation in humans. Circulation 1993;88:
1110–8.
29. Wilson RF, Laxson DD, Christensen BV, McGinn AL, Kubo SH. Regional
differences in sympathetic reinnervation after human orthotopic cardiac
transplantation. Circulation 1993;88:165–71.
30. Burke MN, McGinn AL, Homans DC, Christensen BV, Kubo SH, Wilson
RF. Evidence for functional sympathetic reinnervation of left ventricle and
coronary arteries after orthotopic cardiac transplantations in humans. Cir-
culation 1995;91:72–8.
31. Streeten DHP: Orthostatic blood pressure and heart rate changes: normal
limits. In: Orthostatic Disorders of the Circulation. Mechanisms, manifesta-
tions, and treatment. New York: Plenum, 1987:116–8.
32. Wieling W, Van Lieshout JJ: Maintenance of postural normotension in
humans. In: Low PA, editor. Clinical Automic Disorders. Boston: Little,
Brown and Company, 1993:69–77.
33. Michael ED, Hutton KE, Horvath SM. Cardiorespiratory responses during
prolonged exercise. J Appl Physiol 1961;16:997–1000.
34. Spurr GB, Barac-Nieto M, Maksud MG. Energy expenditure cutting sugar
cane. J Appl Physiol 1975;39:990–6.
197JACC Vol. 33, No. 1 RICHARD ET AL.
January 1999;192–7 CHRONOTROPIC COMPETENCE OF HEART RECIPIENTS
